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We consider the mass generation for both charginos and neutralinos in a 3-3-1 supersymmetric
model. We show that R-parity breaking interactions leave the electron and one of the neutrinos
massless at the tree level. However the same interactions induce masses for these particles at the
1-loop level. Unlike the similar situation in the MSSM the masses of the neutralinos are related to
the masses of the charginos.
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I. INTRODUCTION
The generation of neutrino masses is an important is-
sue in any realistic extension of the standard model. In
general, the values of these masses (of the order of, or less
than, 1 eV) that are needed to explain all neutrino oscil-
lation data [1{3] are not enough to put strong constraints
on model building. It means, several models can induce
neutrino masses and mixing compatible with experimen-
tal data. So, instead of try to propose models built just
to explain the neutrino properties it is more useful to
consider what are the neutrino masses that are predicted
in any particular model which has motivation other than
the explanation of neutrino physics. For instance, the
3-3-1 model was proposed as a possible symmetry on the
lightest lepton sector (e; e−; e+)L [4]. Once assumed
that symmetry it has to be implemented in the rest of
the leptons and also in the quark sector. Like in the stan-
dard model if we do not introduce right-handed neutrinos
and/or violation of the total lepton number neutrinos re-
main massless at any order in perturbation theory. In
this vain it has been done some eort to produce neu-
trino masses in the context of that 3-3-1 model and some
of its extensions [5].
In this work we consider the generation of neutrino
masses in a supersymmetric 3-3-1 model with broken R
parity. We show that, as an eect of the mixing among
all leptons of the same charge, at the tree level only one
charged lepton and one neutrino remain massless but
they gain mass through radiative corrections. In order to
compare this model we do the same calculations in the
context of the minimal supersymmetric standard model
(MSSM) with R broken parity also. In both cases we are
not assuming that sneutrinos gain non-vanishing vacuum
expectation values (VEVs) i.e., the only non-zero VEVs
are those of the scalars of the non-supersymmetric mod-
els.
The outline of this work is as follows. In Sec. II we re-
view the origin of the lepton masses in the MSSM context
under the same assumptions that we will use in the case of
the 3-3-1 supersymmetric model. In Sec. III we consider
the supersymmetric version of a 3-3-1 model which has
only three triplets of Higgs scalars. We explicitly show
that leptons gain mass only as a consequence of their
mixing with charginos and neutralinos. Our conclusions
are found in the last section.
II. NEUTRINO MASSES IN THE MSSM
Let us consider in this section the lepton masses in the
minimal supersymmetric standard model (MSSM) [9].
In this model the interactions are written in terms of
the left-handed (right-handed) L^  (2;−1) (l^c  (1; 2))
leptons, left-handed (right-handed) quarks Q^  (2; 1=3)
(u^c  (1;−4=3); d^c  (1; 2=3)); and the Higgs doublets
H^1  (2;−1); H^2  (2; 1). With those multiplets the su-
perpotential which has R-parity conserving contributions

















and the R-parity violating terms are W2RV + W3RV +
W2RV + W3RV with
W2RV = 0aL^aH^2;











and we have suppressed SU(2) indices,  is the antisym-
metric SU(2) tensor. Above and below in the follow-
ing, the subindices a; b; c run over the lepton generations
e; ;  but a superscript c indicates charge conjugation;
i; j; k = 1; 2; 3 denote quark generations. We have also to












−M2L ~Ly ~L−M2l ~lc
y ~lc −M2Q ~Qy ~Q−M2u ~ucy ~uc
− M2d ~dc
y ~dc −M21 ~H1
y ~H1 −M22 ~H2
y ~H2 −
h
ALH1 ~L~lc + AUH2 ~Q ~uc + ADH1 ~Q ~dc
+ M212H1H2 + BH2L + C1 ~L~L~lc + C2 ~L ~Q ~dc + C3 ~uc ~dc ~dc + H:c:
i
; (3)
where p is an SU(2) index and A; B are the super-
symmetric partners of the respective gauge vector bosons
but we have omitted generation indices and the gluinos
masses.
With the interactions in Eq. (1) it is possible to give
mass to all charged fermions in the model but neutri-
nos remain massless. Some of the coupling constants in
Eq. (2) must be set to zero in order to avoid a too fast
proton decay. In Eqs.(1) and (2) we can dene the ba-
sis Ψ0MSSM = (e; µ; τ ;−i3A;−iB; ~H01 ; ~H02 )T , and the
mass term is −(1=2)[Ψ0TMSSMY 0MSSMΨ0 + H:c:], where




0 0 0 0 0 0 −0e
0 0 0 0 0 0 −0µ
0 0 0 0 0 0 −0τ
0 0 0 mλ 0 MZ sβcW −MZ cβcW
0 0 0 0 m0 MZ sβsW −MZ cβsW
0 0 0 MZ sβcW MZ sβsW 0 




with sβ = sin , sW = sin W , etc are dened as
tan = v2=v1 and W is the weak mixing angle. The
matrix in Eq. (4) is generated only by the two usual vac-
uum expectation values of the two scalars and by the
R-parity breaking terms 0a. The mass matrix is sim-
ilar to that in Ref. [10{12] but we have included the
three neutrinos and we are neither assuming that sneu-
trinos gain nonzero vacuum expectation values nor have
introduced sterile neutrinos like in Ref. [13]. The mass
matrix in Eq. (4) has two zero eigenvalues: it has de-
terminant equal to zero and its secular equation which
give the eigenvalues, x, has the form x2 times a poly-
nomial of ve degree; thus there are two neutrinos 1,2,
which are massless at the tree level. Using tan  = 1
and MZ = 91:187 GeV, s2W = 0:223, 0e = 0µ = 0,
0τ = 10−4 GeV (this value is consistent with that of
Ref. [11]),  = 100 GeV, m = 250 GeV, m0 = −200 GeV,
we obtain besides the two massless neutrinos a massive
one with mν3 = −310−3 eV, and four heavy neutralinos
with masses 267:40;−199:99;−117:40; 100:0 GeV. These
zero eigenvalues are a product of the matrix structure
in Eq. (4) and there is not a symmetry to protect the
neutrinos to gain mass by radiative corrections. On the
other hand, if 0a = 0, a = e; ;  , all neutrinos remain
massless at the tree level. In this case it is the R-parity
and total lepton number conservation that protect neu-
trinos of gain masses. The neutralino masses above are
consistent with those of Ref. [11]: two states are mass-
less and the other ones have masses of the order O(MZ).
More realistic neutrino masses require radiative correc-
tions [12,14{16]. Here we will only consider the neutrino
masses generated by radiative corrections arisen from the
interactions given in Eqs. (1) and (2) and only two VEVs.





















and the 1-loop diagrams like those in Ref. [10] arise. No-
tice however that if we introduce a discrete symmetry
(called Z 03 later on), L^e,µ ! −L^e,µ, and all other elds
are even under this transformation, we have that
0 = 0;
ebc = 0; (b; c = ; ); µbc = 0; (b; c = e; );
0eij = 
0
µij = 0; (i; j = 1; 2; 3); (6)
and the e; µ neutrinos will remain massless at all or-
der in perturbation theory. It is also possible to choose
the symmetry such as Le,τ ! −Le,τ and all other elds
being even. In this case we have that e and τ remain
massless. However, if no discrete symmetry is imposed
neutrinos gain mass through 1-loop eect like in Ref. [10].
From Eqs. (1) and (2) we see that the charged lepton
masses are not related to those of the neutralinos.
Next, let us consider the charged sector. Denoting
+MSSM = (e
c; c; c;−i+W ; ~H+2 )T ;
−MSSM = (e; ; ;−i−W ; ~H−1 )T ;
(7)
where all the fermionic elds are still Weyl spinors, we





T , and the mass
term −(1=2)[ΨTMSSMY MSSMΨMSSM + H:c:] where Y 











−f leev1 −f leµv1 −f leτv1 0 0
−f leµv1 −f lµµv1 −f lµτv1 0 0
−f leτv1 −f lµτv1 −f lττv1 0 0








With f lee = 2:7 10−4, f lµµ = 3:9 10−3, f lττ = 1:6 10−2,





−7 we obtain from Eq. (9) the
masses 0:0005; 0:105; 1:777 (in GeV) for the usual lep-
tons, and 4.3 and 81 TeV for the charginos. We see by
comparing Eq. (4) with Eq. (9) that there is no relation
between the charged lepton masses and the neutralino
masses. Notice also that all charged leptons gain masses
at the tree level. We will not consider this model (or some
of its extensions) further since it has been well studied in
literature [10{12,14{16].
III. A SUPERSYMMETRIC 3-3-1 MODEL
In the nonsupersymmetric model the fermionic repre-
sentation content is as follows: left-handed leptons L =
(a; la; lca)L  (1;3; 0), a = e; ;  ; left-handed quarks
Q1L = (u1; d1; J)  (3;3; 2=3), QiL = (di; ui; jβ) 
(3;3;−1=3), i = 2; 3,  = 1; 2; and in the right-
handed components we have uc; dc that transform as in
the SM, and the exotic quarks Jc  (3;1;−5=3); jβ 
(3;1; 4=3). The minimal scalar representation content
is formed by three scalar triplets:   (1;3; 0);  
(1;3; +1);   (1;3;−1), and one scalar sextet S 
(1;6; 0). In particular the  triplet has the following elec-
tric charge assignment:  = (0; −1 ; 
+
2 )
T . We can avoid
the introduction of the sextet by adding a charged lepton
transforming as a singlet [18,19]. Notwithstanding, here
we will omit both the sextet and the exotic lepton. A see-
saw-type mechanism will be implemented by the mixing
with supersymmetric partners, higgssinos or neutralinos.
The complete set of elds in the 3-3-1 supersymmetric
model has been given in Refs. [17,20]. For simplicity we
will use the notation h0i = u; h0i = v and h0i = w
and similarly for the primed elds. We will denote, like
in the previous section, the respective superelds as L^
and so on. We recall that in the nonsupersymmetric 3-3-
1 model with only the three triplets the charged lepton
masses are not yet the physical ones: 0; m;−m.
We will show how, in the present model it is a super-
symmetry eect that gives the correct masses to these
particles, e; ;  , even without a sextet or the charged
lepton singlet, in the supersymmetric version we have
the higgssinos ~; ~; ~ and their respective prime elds. In
particular the ~ triplet has the following electric charge
assignment: ~ = (~0; ~−1 ; ~
+
2 )
T . Due to the fact that in
the supersymmetric model we have the higgssinos, (for
details on the lagrangian of the model see [17]), when the
R-parity is broken we have, in analogy with the MSSM,
a mixture between the usual leptons and the higgssinos.
The goal of this paper is to show that this is indeed the
case.






0 + η^^0 + ρ^^0 + χ^^0; (10)
a = e; ;  ; and W3 + W3 where
3
W3 = 1abcL^aL^bL^c + 2abL^aL^b^ + 4aL^a^^
+ f1^^^ + f 01^
0^0^0 + 0αaiQ^αL^ad^ci

















+ 2iQ^1^0d^ci + 3Q^1^
0J^c + 4αiQ^α^d^ci
+ 5αiQ^α^u^ci + 6αβQ^α^j^
c
β ; (11)
with  the completely antisymmetric tensor of SU(3) but
we have omitted the respective indices; the generation
indices are as follows: a; b; c = e; ;  and i; j; k = 1; 2; 3
as in the previous section; on the other hand, since we
have now two quark generations transforming dierently
under SU(3)L, and also exotic charged -4/3 quarks, we
have to extend the notation appropriately:  = 2; 3 and
 = 1; 2. The gaugino masses come from the soft-terms
shown in the Appendix, Eq. (A4). The 0, 1; 4; 0 and
00 terms break the R-parity dened in this model as
R = (−1)3F+2S where F = B + L, B(L) is the baryon
(total lepton) number; S is the spin. The 2 term of the
superpotential W3 implies interactions like (see Eq. (42)
below) aL~−2R~l





d4  ^e2gVˆ ^; (12)
where V^ is the supereld related to the V a gauge bo-
son of SU(3)L. This interaction mixes higgssinos with
gauginos as showed in Ref. [20].
The parameters η and ρ are the equivalent of the 
parameter in the MSSM [9]. The terms proportional to
2 and χ have no equivalent in the MSSM. The 0 and





assuming the superpartner masses in the range of 1
TeV [21].
A. Charged lepton masses
Let us rst considered the charged lepton masses.




!(la ~+ + la ~+) + u(lca ~










which imply a general mixture in both neutral and
charged sectors. Denoting
+ = (ec; c; c;−i+W ;−i+V ; ~0+1 ; ~+2 ; ~+; ~0+)T ;
− = (e; ; ;−i−W ;−i−V ; ~−1 ; ~0−2 ; ~0−; ~−)T ;
(15)
where all the fermionic elds are still Weyl spinors, we
can also, as before, dene Ψ = (+−)T , and the mass











0 −λ2eµ3 v −λ2eτ3 v 0 0 −µ0e2 0 −λ4e3 w 0
λ2eµ




3 v 0 0 0 −µ0τ2 0 −λ4τ3 w 0
0 0 0 mλ 0 −gv0 0 gu 0
0 0 0 0 mλ 0 gv 0 −gw0
0 0 0 gv 0 −µη2 0 f1w3 0





0 0 0 −gu0 0 f ′1w′3 0 −µρ2 0




The chargino mass matrix is diagonalized using two







j ; i; j = 1;    ; 9; (18)
(D and E sometimes are denoted, in non-supersymmetric
theories, by U lR and U
l
L, respectively). Then we can write
the diagonal mass matrix as
MSCM = EXD−1: (19)
To determine E and D, we note that
M2SCM = DX
T XD−1 = EX XT (E)−1; (20)














where ~+i is the particle and ~
−
i is the anti-particle [9,20].
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We have obtained the following masses (in GeV) for
the charged sector:
3186:05; 3001:12; 584:85; 282:30; 204:55; 149:41; (22)
and the masses for the usual leptons (in GeV) me = 0,
mµ = 0:1052 and mτ = 1:777. These values have been
obtained by using the following values for the dimension-
less parameters
2eµ = 0:001; 2eτ = 0:001; 2µτ = 0:393;
4e = 0:0001; 4µ = 1:0; 4τ = 1:0;
f1 = 0:254; f3 = f 01 = f
0
3 = 1:0; (23)
and for the mass dimension parameters (in GeV) we have
used:
0e = 0µ = 0:0; 0τ = 10−6; η = 300;
ρ = 500; χ = 700; mλ = 3000: (24)
We also use the constraint V 2η + V
2
ρ = (246 GeV)
2 com-
ing from MW , where, we have dened V 2η = v2η + v02η




ρ . Assuming that vη = 20, vχ = 1000,
v0η = v0ρ = 1 and v0χ = 2000 in GeV, the value of vρ is
xed by the constraint above.
Notice, from Eq. (22), that the electron is massless at
the tree level. This is again a result of the structure of the
mass matrix in Eq. (9) and there is not a symmetry that
protects the electron to get a mass by loop corrections.
Hence, it can gain mass trough radiative corrections like
that shown in Fig. 1. The interactions of the leptons with
the sleptons written in term of Dirac fermions (although



























The 0 interactions generate the low vertices in Fig. 1.
On the other hand, the interactions between the squarks,
sleptons and scalars, see the Appendix, are given by the
scalar potential. The soft part contributes only through
the trilinear interactions
Vsoft = 1ab(~la~lb − ~la~lb)0; (26)























where X0i = 
0; 0; X 00i = 
00; 00; and a = e; ;  . From























(~la ~lb − ~la~lb)00 + 42ad2db9
















where X0i = 
0; 0 which will contribute to the upper
quartic vertex in Fig. 1. Due to the interactions given in
Eq. (25){(29), we can generate the appropriate mass to
the electron. The dominant contributions, assuming the
mass hierarchy mfermion  mscalar where fermion means
a fermion dierent from j2,3 and scalar means ~; ~l; H (H
denote the heaviest scalar) and using the values of the
masses and the parameters given in Eqs. (22), (23) and
(24) we obtain that the dominant contribution to the
electron mass is (up to logarithmic corrections)






where me = 0:0005 GeV results if mj2  mb˜  O(1TeV),
vχ  103 GeV and vχ′  4  103 GeV, with 02eτ 02eµ 
10−3.
B. Neutral lepton masses
Like in the case of the charged sector, the neutral lep-
ton masses are given by the mixing among neutrinos,
induced by the 0a term in Eq. (10), and the neutral
higgssinos and gauginos [20], and also by 2 and 4 in
Eq. (11). The rst two terms in Eq. (10) give the inter-
actions between neutrinos and higgssinos:
1
2
0a[a~00 + a~00]− η2 [~
00~0 + ~00 ~0]; (31)
and from Eq. (11) we have also the interactions
4a
3
[w(a ~0 + a ~0) + u(a ~0 + a ~0)]: (32)
These interactions imply a mass term for the neutrinos.
The mass term in the basis
Ψ0 =
(








0 0 0 0 0 0 0 −µ0e2 λ4e3 w 0 λ4e3 u 0
0 0 0 0 0 0 0 −µ0µ2 λ4µ3 w 0 λ4µ3 u 0
0 0 0 0 0 0 0 −µ0τ2 λ4τ3 w 0 λ4τ3 u 0

































0 0 −µη2 − f1w3 0 f1u3 0
























− f1w3 0 0 −µρ2 − f1v3 0






















3 0 − f1v3 0 0 −µχ2

















The neutralino mass matrix is diagonalized by a 1212
rotation unitary matrix N , satisfying
MNMD = NY 0N−1; (35)
and the mass eigenstates are
~0i = NijΨ
0
j ; j = 1;    ; 12: (36)
We can dene the following Majorana spinor to repre-








As above the subindices a; b; c run over the lepton gener-
ations e; ;  .
With the mass matrix in Eq. (34), at the tree level we
obtain the eigenvalues (in GeV),
−4162:22; 3260:48; 3001:11; 585:19;−585:19; 453:22;
−344:14; 283:14;−272:0;
(38)
and for the three neutrinos we obtain (in eV)
m1 = 0; m2  −0:01; m3  1:44: (39)
We have got the values in Eqs. (38) and (39) by choos-
ing, besides the parameters in Eqs. (23) and (24), m0 =
−3780:4159 GeV. Notice that the coupling constant g0
and the parameter m0 appear only in the mass matrix of
the neutralinos, all the other parameters in Eq. (34) have
already been xed by the charged sector, see Eq. (17),
(23) and (24). The neutrino masses in Eq. (39) are of
the order of magnitude for LSND and solar neutrino
data. However, by choosing m0 = −3780:4159 GeV and
0τ = 2 10−8 GeV, we obtain (in eV)
m1 = 0:0; m2  −5:47 10−5; m3  1:32 10−2; (40)
which are of the order of magnitude required by the solar
and atmospheric neutrino data. Notice also the sensibil-
ity of the neutrino masses in 0τ and m0, and that if
0a = 0, a = e; ;  , all neutrinos remain massless.
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We have obtained numerically the unitary matrices
E; D and N which diagonalize the mass matrices in
Eq. (17) and (34) but we will not write them explicitly.
The charged current is written in the mass-eigenstate ba-
sis as lLγµVMNSLW−µ with the Maki-Nakagawa-Sakata
matrix [22] dened as VMNS = ETLN , where E and N are








Notice that this leptonic mixing matrix is not orthogo-
nal as it must be since we are omitting the mixture with
the heavy charginos and neutralinos and that one neu-
trino remains massless at the tree level. We can always
rotate the neutral elds in such a way that the electron
neutrino is the one which remains massless; or we can also
assume 0e = 4e = 0,so that the electron neutrino de-
couples from the other neutrinos and neutralinos. In this
case, diagonal and non-diagonal mass terms in Eq. (34)
will be induced by loop corrections like that in Fig. 2.
Thus, a 3 3 non-orthogonal mixing matrix will appear
in Eq. (41). Here we will only consider the order of mag-
nitude of a mass generated by the process of Fig. 2.
The massless neutrino can get a mass from the loop
correction like that in Fig. 2 as a consequence of the Ma-
jorana mass term of the neutral lepton in the triplet .
This is equivalent to the mechanism of Ref. [23] but now
with a triplet of leptons instead of a neutral singlet. For
instance, the 2 interactions will contribute in the left-











++ + ~−−R aL












these interactions generate the lower vertices of Fig. 2.
The upper vertex are given in Eqs. (26){(29). With these
interactions we can generate the following small mass to
the electron neutrino. In fact, assuming a hierarchy of the
masses as in the last subsection, we obtain the dominant
contribution to the e mass (up to logarithmic correc-
tions)




Since, 2eτ 2eµ  10−6 we obtain an electron neutrino
mass of the order of 10−9 eV if mE=m2τ˜  10−9 GeV−1.
IV. CONCLUSIONS
Although in the nonsupersymmetric 3-3-1 model [4]
only three scalar triplets, and with the same lepton sec-
tor of the standard model, are not e enough to produce
the observed charged lepton masses and neutrinos re-
main massless, when we supersymmetrized the model
and allow R-parity breaking interactions we can give to
all known charged leptons and neutrinos the appropriate
masses. The correct values for the lepton masses can still
be obtained if the new VEVs u0; v0 and w0 are zero, how-
ever it was shown in Ref. [17] that in order to give mass
to all the quarks in the model all these VEVs have to be
dierent from zero.
It is interesting to note that in the context of MSSM
a Z2 symmetry [10,24],
M ! −M; V ! V; X ! X; (44)
where M; V; X is a matter, vector and scalar super-
elds, respectively, forbids the R-parity breaking terms
in Eq. (2). In the present model it happens the same:
the R-parity breaking terms in Eqs. (10) and (11) are
forbidden. Notwithstanding the Z3 symmetry [24],
L^; l^c ! L^; l^c; H^1 ! H^1; H^2 ! H^2;
Q^ ! !Q^; u^c ! !−1u^c; d^c ! !−1d^c; (45)
where ! = e2ipi/3, forbids the B violating terms but
allow the L violating ones. This also happens in the
present model. However, if we introduce an extra dis-
crete Z 03-symmetry, such that L^e ! −L^e, and all other
elds being even under this transformation, we have that
0e = 2ea = 4e = 0αei = 0, at all orders in perturba-
tion theory. This does not modify the mass matrix in the
charged sector in Eqs. (16) and (17), but forbids the elec-
tron neutrino to get a mass, at all orders in perturbation
theory.
In summary, we have analyzed the charged lepton and
neutrino masses in a R-parity breaking supersymmetric
3-3-1 model. Unlike the MSSM model the electron and
its neutrino remain massless at the tree level but gain
masses at the one loop level. The resulting leptonic mix-
ing matrix VMNS is non-orthogonal.
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APPENDIX A: THE SCALAR POTENTIAL
The interactions between the scalars of the theory is given by the scalar potential that is written as
V331 = VD + VF + Vsoft; (A1)
where the VD term is given by


















































− ~Qyαiaij ~Qαj − 0yi aij 0j − 0yi aij 0j − 0yi aij 0j ; (A2)
the F term is
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FIG. 1. Diagram generating the electron mass. There are
also a contribution with vχ → vχ′ . The left- and right- side






























FIG. 2. Diagram generating the mass for the lightest
neutrino. There is a another dominant contribution with
vχ → vχ′ . Each vertex on the left- and right-side are pro-
portional to λ2eτ/3 and λ2eµ/3, respectively.
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